We study unparticle effects on b → sγ. The unparticle contributions can contribute significantly to both left-and right-handed chirality amplitudes. Using available experimental data and SM calculation for B → X s γ, we obtain constraints on various vector and scalar unparticle couplings.
I. INTRODUCTION
Recently Georgi proposed an interesting idea to describe possible scale invariant effect at low energies by unparticles [1] . 
Study of unparticle effects has drawn a lot of attentions from more theoretically related work to more phenomenologically studies. There are many possible ways unparticles may interact with the SM particles [2] . Most of the phenomenological work concentrate on possible effects of unparticle interactions with SM particles and constraints on the interaction strength λ/Λ
. One of the subjects where a lot of activities have been devoted to is the study of low energy rare flavor changing processes involving quarks [3] and charged leptons [4, 5] . In this work we study unparticle effects on b → sγ and constrain unparticle interactions using known SM values and current experimental data for B → X s γ.
The rare b → sγ decay process has been shown to provide interesting constraints on possible new physics beyond the SM [6] . Experimentally the leading contribution to B → X s γ with large γ energy E γ is dominated by b → sγ. Experimental measurement on this decay has achieved very high precision with B(B → X s γ) given by [7] (3.52 ± 0.23 ± 0.09) × −4 , with E γ > 1.6GeV. On the theoretical side, the SM calculation for B(B → X s γ)
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has been evaluated at the NNLO order [8] with (3.15 ± 0.23) × 10 −4 for E γ > 1.6GeV. It is clear that experimental data and SM prediction agree with each other very well leaving small room for new physics beyond the SM. Taking this on the positive side, the process B → X s γ can provide stringent constraints on possible new physics beyond the SM. Several flavor changing processes have been studied [3, 4, 5] , but unparticle contribution to b → sγ has not been studied. We therefore concentrate on this subject.
Although at present the detailed dynamics for interaction between unparticles and SM particles are not known, unparticle effects on various physical processes can be studied from effective theory point of view using eq.(1). The main task is then, as many phenomenological studies of unparticle physics, to use available data to constrain the allowed parameter space and to see how large the unparticle effects can be and to test possible effects experimentally.
In principle, when the unparticle sector is coupled to the SM sector the scale invariance is broken due to finite mass of the SM fields [9] and also due to spontaneous symmetry breaking of Higgs vacuum expectation value if coupled [10] . The unparticle behavor may only exist in a window below the scale Λ U and above a scale µ where the scale invariance is broken again by SM particle effects. If this is the case, the contributions of the unparticles should only be within this window and below µ the effects should be replace by that resulted from the residual degrees of freedom. However, at this stage there is no specific way, as far as we know, to describe such effects. In our study of unparticle effects on b → sγ, we will follow most of the phenomenological studies in the literature assuming that the unparticle effects from the scale Λ U down to zero.
We will study b → sγ using the lowest possible dimension operators due to scalar and vector unparticle and SM fields interactions. The unparticle contributions can contribute significantly to both left-and right-handed chirality amplitudes. Using available experimental data and SM calculation mentioned above, we obtain constraints on various vector and scalar unparticle couplings. We find that the constraints sensitively depend on the unparticle dimension d U . For d U close to one, the constraints can be very stringent. The constraints become weak when d U is increased. In general the constraints on scalar unparticle couplings are weaker than those for vector unparticle couplings. Sizeable coupling strength for unparticles with quarks is still allowed. We also find that polarization measurement in Λ b → Λγ can further constraint the couplings.
II. UNPARTICLE CONTRIBUTION TO b → sγ
The lowest dimension operators, which can generate contributions to b → sγ at one loop level, come from interaction of vector unparticle with quarks and are given by [2] The following operator will generate finite contributions to b → sγ at one loop level [2] 
where H is the SM Higgs doublet transforming under the SM gauge group SU(2) L × U(1) Y as (2, 1) .
After the Higgs develops a non-zero vacuum expectation value < H >= v, the above interaction between quarks and an unparticle becomes
At the same order in Λ U , there are several other operators involving quarks and a scalar
However, their one loop contributions to b → sγ diverge due to derivative couplings. Additional parameters or operators are need to render these divergences making the effects not calculable. We will not consider their effects here.
The one loop Feynmann diagram giving contribution to b → sγ is shown in Fig. 1 . We will indicate the incoming b quark by q i and the out going s quark by q j . The formula obtained can be easily adapted for other incoming and out going fermions. We obtain the vector unparticle contribution to q i → q j γ amplitude as
where q and ǫ µ are the photon momentum and polarization, respectively.
and
where
and
In our calculations, we will use the central quark masses given in PDG [11] : m b = 4.70 GeV, 
where g s is the strong interaction coupling, ǫ µ a is the gluon polarization vector and T a is the generator of the color gauge group
One can easily translate the above amplitudes into the usual amplitudes defined by
where F µν and G µν a are the field strength of photon and gluon fields. Using the leading QCD corrected effective Wilson coefficient at the scale m b for b → sγ is given by [12] , C ef f
, we obtain an approximate expression for the QCD corrected unparticle contribution, at the scale µ = m b ,
Using the above expression one can put constraints on unparticle couplings.
III. NUMERICAL ANALYSIS AND CONCLUSIONS
To see how unparticle interactions affect B → X s γ, we use the following to measure possible unparticle contribution,
Using the available experimental and SM values, we find R exp−SM = 0.117 ± 0.113 with E γ > 1.6 GeV. It is clear that at this stage there is no evidence of new physics beyond SM.
However, we can turn the argument around and use allowed value of R to constrain new interactions.
To compare with data and aim at the leading correction from unparticle to the SM prediction, we first define an effective SM for b → sγ amplitudeÃ
, as should be in the SM, such that the corresponding Wilson coefficient at the leading order amplitude [12] reproduces the SM prediction for the branching ratio with relevant in put parameters from Ref. [11] . We then add to it the leading QCD corrected unparticle contributionÃ L,R U to obtain the total amplitude. Replacing Γ exp by Γ un−SM determined by the total SM and unparticle leading contributions, we obtain a quantity similar to R exp−SM
We finally approximate R un−SM to R exp−SM and obtain constraints on unparticle couplings.
There are higher order SM corrections to the above formula, but for our purpose of obtaining leading constraints on unparticle effects, this should be sufficient.
In the SMÃ
It is obvious that the main contribution of SM is the right hand couplings. For unparticle contributions,Ã L U can be comparable or even larger thanÃ R U . We will obtain bounds on the unparticle conuplings from data and known SM numbers allow the theoretical value R un−SM to be in the 1σ range. Depending on the intermediate quarks exchanged in the loop, different quark-unparticle couplings can appear.
We will constrain the coupling for each of the combinations with non-zero contribution and set other equal to zero first assuming the couplings are all real.
There are three possibilities involving a quark in the loop. We discuss them in the following. a) For d quark and vector unparticle in the loop, it is possible to constrain λ Note that using B → X s γ branching ratio alone, it is not possible to distinguish the above solutions since it is proportional to |Ã total
which is how the constraints are obtained. We comment that measurement of polarization α Λ in Λ b → Λγ can provide more information to distinguish some of the solutions. The polarization parameter α Λ is defined by [13] dΓ
where Γ is the decay rate for Λ b → Λγ, and θ is the angle between the Λ polarization and the photon momentum directions.
In the SM, sinceÃ
In the Tables, we list α Λ for the corresponding constraints on the couplings. We see that unparticle contributions can change the value for α Λ significantly. Future measurement for α Λ can provide more information about unparticle interactions.
There are several studies of unparticle flavor changing effects in B decays. The couplings are constrained from several processes [3] , such as stringent constraints on the couplings
are similar in size, the constraints from these considerations are stronger than the ones obtained on Tables I, II 
